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EVAPORATION DEVICE 
(57) [ABSTRACT] 
[Object] 

An object of the present invention is to provide an innovative evaporation 
device, wherein an evaporation source moving mechanism for moving an evaporation 
source in the plural directions such as a X or Y driving mechanism, a X-9 driving 
mechanism and a X-Z driving mechanism is provided in a vacuum chamber; when a 
distance between the evaporation source and a substrate is shortened, a film having 
uniform thickness can be obtained by performing the evaporation while moving a 
vaporization source along the surface of the substrate, e.g., in the X direction and the Y 
direction; and the amount of material that is scattered out of the substrate can be 
reduced to improve the material use efficiency. 
[Solving Means] 

In an evaporation device, a substrate 3 is fixed to a fixed portion 4 which is 
provided in an evaporation chamber 1 under reduced-pressure atmosphere, and a 
material for forming a film that is supplied from an evaporation source 7 is accumulated 
over the substrate 3 to form a thin film. In this evaporation device, an evaporation 
source moving mechanism 8 for moving the evaporation source 7 in the different plural 
directions such as X, Y, Z and 9 directions or in the composite direction thereof is 
provided, and the evaporation source 7 is moved with respect to the substrate 3 when 
performing the evaporation by using the evaporation source moving mechanism 8. 
[Selected Drawing] FIG 1 

[CLAIMS] 
[Claim 1] 

An evaporation device, in which a substrate is fixed to a fixed portion provided 
inside of an evaporation chamber where reduced pressure atmosphere is maintained and 
a material for a film that is supplied from an evaporation source is accumulated over a 
substrate to form a thin film, characterized in that an evaporation source moving 
mechanism for moving the evaporation source in different plural directions such as X, Y, 
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Z and 0 directions or in a composite direction thereof is provided, and the evaporation 
source is moved with respect to the substrate by the evaporation source moving 
mechanism when performing the evaporation. 
[Claim 2] 

The evaporation device according to claim 1, wherein the evaporation source 
moving mechanism is provided such that a mobility side is moved in the predetermined 
direction with respect to a fixed side by a combination of a guide portion and a driver 
portion, the evaporation source is fixed at the mobility side, and the evaporation source 
is controlled to be moved in the predetermined direction. 
[Claim 3] 

The evaporation source according to claim 1 or claim 2, wherein a moving rate 
of the evaporation source is controlled by controlling the drive portion of the 
evaporation source moving mechanism that moves the evaporation source in the 
predetermined direction. 
[Claim 4] 

The evaporation source according to any one of claims 1 to 3, wherein a fitting 
tilt angle of the evaporation source is freely adjusted and fixed such that a vaporization 
center of the evaporation source locates to one point over the substrate. 
[Claim 5] 

The evaporation source according to any one of claims 1 to 4, wherein a film 
thickness sensor or monitor is provided in the evaporation source, and a film thickness 
rate is always measured or monitored to determine an evaporation situation by moving 
the film thickness sensor or monitor together with the evaporation source using the 
evaporation source moving mechanism. 
[Claim 6] 

The evaporation device according to any one of claims 1 to 5, wherein a 
plurality of evaporation sources are provide at the mobility side of the evaporation 
source moving mechanism so that a two-dimensional evaporation or a 
multi-dimensional evaporation can be performed. 
[Claim 7] 
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The evaporation device according to any one of claims 1 to 6, wherein a 
moving distance of the evaporation source with respect to a surface direction of the 
substrate that is moved by the evaporation source moving mechanism is set larger than a 
size of the substrate. 
[Claim 8] 

The evaporation device according to any one of claims 1 to 7, wherein an 
evaporation distance adjustment mechanism for adjusting a distance between the 
substrate and the evaporation source is provided in the evaporation source moving 
mechanism. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention, for example, relates to an evaporation device by which 
an EL material is evaporated to a substrate and a film is formed to manufacture an EL 
display device. 
[0002] 

[Description of the Prior Art and Problem to be solved by the invention] 

For example, when manufacturing an organic EL, in the case where an EL 
material is evaporated to a glass substrate in a vacuumized evaporation chamber (a 
vacuum chamber), the EL material is conventionally evaporated from a spot 
vaporization source (an evaporation source) which is positioned at a lower position and 
accumulated over the substrate to form a thin film. However, in order to make the film 
thickness uniform, a distance between the vaporization source and the substrate must be 
lengthened. Thus, since the evaporation source is positioned apart from the center of 
the glass substrate in such a manner, a large amount of material is scattered out of the 
glass substrate, which results in bad material use efficiency. 
[0003] 

It is an object of the present invention to provide an innovative evaporation 
device, wherein an evaporation source moving mechanism for moving an evaporation 
source in the plural directions such as an X or Y driving mechanism, an X-0 driving 
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mechanism and an X-Z driving mechanism is provided in a vacuum chamber, even if a 
distance between the evaporation source and a substrate is shortened, a film thickness 
distribution can be kept uniform by evaporating a material while moving an 
vaporization source in an X direction and a Y direction, and the amount of material 
scattered out of the substrate can be reduced so as to improve the material use 
efficiency. 
[0004] 

[Means for Solving the Problem] 

The subject-matter of the present invention will be described referring to the 
accompanying drawings. 
[0005] 

In an evaporation device, a substrate 3 is fixed to a holding portion 4 which is 
formed in an evaporation chamber 1 where reduced-pressure atmosphere is maintained 
and a thin film is formed over the substrate 3 by accumulating a material for the film 
that is supplied from an evaporation 7. An evaporation source moving mechanism 8 
by which the evaporation source 7 is moved in different plural directions such as X, Y, Z 
and 9 directions, or in the composite direction of these plural directions is formed. The 
evaporation source 7 is moved with respect to the substrate 3 by this evaporation source 
moving mechanism 8 when evaporation is performed. 
[0006] 

The evaporation device according to claim 1 is characterized in that the 
evaporation source moving mechanism 8 is provided such that the mobility side is 
driven and moved in the predetermined direction with respect to the fixed side by a 
combination of a guide portion and a drive portion, and the evaporation source 7 is 
fixed to be moved in the predetermined direction. 
[0007] 

The evaporation device according to claim 1 or claim 2 is characterized in that 
the drive portion of the evaporation source moving mechanism 8 for moving the 
evaporation source 7 in the predetermined direction is controlled to control the moving 
speed of the evaporation source 7. 
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[0008] 

The evaporation device according to any one of claims 1 to 3 is characterized 
in that a fitting tilt angle of the evaporation source 7 is freely adjusted and fixed such tat 
a vaporization center of the evaporation source 7 matchs with one point over the 
substrate 3. 
[0009] 

The evaporation device according to any one of claims 1 to 4 is characterized 
in that a film thickness sensor or monitor 5 is provided at the evaporation source 7 to 
move with the evaporation source 7 by the evaporation source moving mechanism 8 so 
that an evaporation situation can always be determined by measuring or monitoring the 
film thickness rate. 
[0010] 

The evaporation device according to any one of claims 1 to 5 is characterized 
in that the plural evaporation sources 7 are provided at the mobility side of the 
evaporation source moving mechanism 8 so that the binary evaporation or the multiple 
evaporation can be performed. 
[0011] 

The evaporation device according to any one of claims 1 to 6 is characterized 
in that a moving distance of the evaporation source 7 with respect to the surface of the 
substrate 3, which is moved by the evaporation source moving mechanism 8, is set to be 
at least larger than a dimension of the substrate 3. 
[0012] 

The evaporation device according to any one of claims 1 to 7 is characterized 
in that an evaporation distance adjustment mechanism 6 which adjusts a distance 
between the substrate 3 and the evaporation source 7 is provided at the evaporation 
source moving mechanism 8. 
[0013] 

[Embodiment Mode of the Invention] 

The preferred embodiment mode of the present invention (how to implement 
the present invention) will be briefly described showing the effect with reference to the 
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drawings. 
[0014] 

For example, a substrate 3 is fixed to a holding portion 4 (a holder) inside of a 
vacuumized evaporation chamber 1 and a material for forming a film that is supplied 
from an evaporation source 7 is deposited over the substrate 3 so as to form a thin film. 
[0015] 

In this case, an evaporation source 7 is not fixed. When the evaporation is 
performed, the evaporation source 7 is moved with respect to the substrate 3 by an 
evaporation source moving mechanism 8. In other words, while the evaporation 
source 7 is moved all along the substrate 3 by the evaporation source moving 
mechanism 8, the material is vaporized to form a thin film over the substrate 3. 
[0016] 

Even if a distance between the evaporation source 7 and the substrate 3 is short, 
a thin film can be uniformly formed by providing the evaporation source moving 
mechanism 8 as follows. A mobility side of the evaporation source moving 
mechanism to which the evaporation source 7 is set is provided to be freely moved in 
the different plural directions such as X , Y, Z and 0 directions with respect to a fixed 
side, and by sequentially moving the mobility side in the plural directions or in a 
composite direction of these plural directions, the mobility of the evaporation source 7 
is adjusted such that the evaporation source 7 is moved all along the substrate (a moving 
route is set). 
[0017] 

Therefore, for example, when the surface of the substrate 3 is provided in the 
horizontal direction, the mobility side is provided to be freely moved in the X and Y 
directions of a two-axes direction of this surface or in the 6 direction that is a rotation 
direction. Alternatively, when the surface of the substrate 3 is provided in the 
perpendicular direction rather than the horizontal direction, the mobility side is provided 
to be freely moved in the X and Z or Y directions of a two-axes direction of the surface 
or in the 0 direction that is a rotation direction. By performing the evaporation while 
controlling the movement of the mobility side to move the evaporation source 7 along 
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the surface of the substrate, even if the distance between the substrate 3 and the 
evaporation source 7 is shortened, the evaporation can be performed while moving the 
evaporation source 7 all along the substrate 3. Therefore, a film having a uniform 
thickness can be formed. In addition, the amount of a material that is wastefully 
scattered out of the substrate 3 can be reduced, and the uniformity in thickness can be 
achieved, making it possible to improve the material use efficiency. 
[0018] 

In addition, a high-accurate film thickness distribution can be realized by 
controlling the moving speed of the evaporation source 7. In addition, the effective 
action and effect can be further achieved by controlling a fitting angle of the 
evaporation source 7 and setting a vaporization center of the evaporation source 7 to 
correspond to one point over the substrate 3. 
[0019] 

If a film thickness sensor or monitor 5 is provided in the evaporation source 7, 
the movement of the film thickness sensor or monitor 5 can be always controlled 
together with the evaporation source 7 by the evaporation source moving mechanism 8. 
Thus, the film formation rate in respective portions can always be measured or the 
evaporation situation can be always checked by the film thickness sensor or monitor so 
that the uniformity in film thickness can be achieved, making it possible to improve the 
accuracy of the movement control. 
[0020] 

Further, plural evaporation sources 7 are easily provided such that the plural 
evaporation sources are moved together by the evaporation source moving mechanism 8. 
In this case, for example, it is also possible to perform a highly accurate binary 
evaporation or a multiple evaporation in the same manner by moving a host evaporation 
source 7 along with a dopant evaporation source 7. 
[0021] 

When a distance between the substrate 3 and the evaporation source 7 can be 
adjusted suitably by an evaporation distance adjustment mechanism 6, the distance 
between the substrate 3 and the evaporation source 7 can be shortened, and the 
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uniformity of the film thickness can be further achieved and the material use efficiency 

can be further improved. 

[0022] 

[Embodiment) 

A specific embodiment of the present invention will be described with 
reference to the drawings. 
[0023] 

As shown in FIG 1, a glass substrate 3 is fixed to a fixed portion 4 which is 
provided in an evaporation chamber 1 vacuumized by a vacuum pump. A holder 4A 
which is provided under the fixed portion 4 has a frame-like structure that has an 
opening portion 16 for evaporation. The glass substrate 3 is positioned and placed to 
cover the opening portion 16 for evaporation. The glass substrate 3 is pressed from 
above by a fixed mechanism 4B which is provided in an edge portion and is fixed to the 
glass substrate 3 over the holder 4A. 
[0024] 

Also, a material for forming a film that is supplied from evaporation sources 7 
provided at the bottom of the evaporation chamber 1 is accumulated over the substrate 3 
that is exposed from the opening portion 16 for evaporation of the fixed portion 4 so as 
to form a thin film. 
[0025] 

In this embodiment, an evaporation source moving mechanism 8 is provided, 
wherein by simultaneously moving the evaporation sources 7 in the different plural 
directions such as X, Y, Z and 9 directions, the evaporation sources 7 can be moved in a 
composite direction of these plural directions. By this evaporation source moving 
mechanism 8, the evaporation sources 7 can be moved along the surface of the substrate 
3 when performing the evaporation. 
[0026] 

In this embodiment, the substrate 3 is arranged horizontally in the evaporation 
chamber 1 by the fixed portion 4. And four evaporation sources 7 are provided at the 
bottom of the evaporation chamber 1 under the substrate. All of the evaporation 
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sources 7 are automatically moved in the direction of the surface of the substrate along 

the surface of the substrate that is placed horizontally. 

[0027] 

That is to say, the evaporation source moving mechanism 8 is provided such 
that the evaporation sources 7 are freely moved in the horizontal X direction and the Y 
direction that are two axes being orthogonal to each other or two or three direction of 
one or both of the X and Y directions and the 6 direction that is the horizontal rotating 
direction. In this embodiment, the evaporation source moving mechanism 8 is 
provided such that the evaporation sources are freely moved in the X direction and the 

Y direction. By controlling the evaporation sources such that the evaporation sources 
are sequentially moved in the plural directions, the movement in the X direction and the 

Y direction (i.e., a perpendicular and horizontal movement seem from the top surface) is 
repeated, and the evaporations sources are moved all along the surface of the substrate 3 
in a zig-zag manner. 

[0028] 

Specifically, this evaporation source moving mechanism 8 is provided such that 
the mobility side is driven and moved in the predetermined direction with respect to the 
fixed side (a material which is fixed to the evaporation chamber 1) by a combination of 
a guide portion and a drive portion as shown in FIG 1 and FIG 2. The evaporation 
sources 7 are fixed to the mobility side and the movement of the evaporation sources 7 
is controlled in the predetermined direction. 
[0029] 

For example, a ball screw 8B is spun by a spin drive source 8A and a movable 
body 8D is moved along an LM guide 8C and the ball screw 8B. A ball screw 8B' is 
provided in the movable body 8D in a direction perpendicular to the ball screw 8B. 
The movable body 8D' is moved along the LM guide 8C by driving this ball screw 8B' 
by a spin drive source 8A\ By providing the evaporations sources 7 to the movable 
body 8D' as the mobility side, the ball screws 8B and 8B\ which are orthogonal to each 
other, are set to be in the X and Y directions. Also, by sequentially controlling the spin 
amount of each of the ball screws 8B and 8B', the evaporations sources 7 are moved in 
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the predetermined X and Y directions. Alternatively, a horizontal turning fulcrum 
point may be provided and the evaporations sources 7 may be moved in the 6 direction 
by a robot arm and the like. 
[0030] 

A fixed plate which is fixed to the evaporation chamber 1 is the fixed side. A 
moving table which moves with respect to the fixed plate is the mobility side. Plural 
modules having a guide portion and a drive portion between the fixed plate and the 
moving table are provided (in the case where the moving table is moved in the 8 
direction, a horizontal turning fulcrum portion is provided). A movement mechanism 
having a thin flatness form in which the moving table is controlled to be moved in the X 
and Y (and G) directions by controlling the respective modules is provided at the bottom 
of the evaporation chamber 1. The evaporation sources 7 may be provided on the 
moving table which move in the X direction and the Y direction. 
[0031] 

In addition, when the substrate 3 is provided in the perpendicular direction, this 
evaporation source moving mechanism 8 may also be moved in the perpendicular 
direction and in the planar manner (by a combination of the Z direction and the X or Y 
direction, or a combination of the Z direction or the 6 direction). 
[0032] 

In the present embodiment, a distance between the evaporation sources and the 
substrate 3 is further adjusted by freely moving the evaporations source moving 
mechanism in the Z direction, or, by freely moving it in all three dimensions. 
[0033] 

Specifically, in the present embodiment, although the movement control is not 
performed three dimensionally, the evaporation source moving mechanism 8 is provided 
to be freely moved up and down in the Z direction by a lifting drive source 6A and a 
lifting guide 6B and the evaporation distance adjustment mechanism 6 is provided. 
The distance between the substrate 3 and the evaporation sources 7 is controlled and set 
by the evaporation distance adjustment mechanism 6 in accordance with the size of the 
substrate 3, an evaporation material and an evaporation situation. The distance 
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between the substrate 3 and the evaporation sources 7 is shortened as much as possible 
so that the uniformity can be achieved and the material use efficiency can be improved. 
[0034] 

In addition, for example, the evaporation source moving mechanism 8 may be 
provided to be of a combined turning system with a combination of the 9 directions as 
shown in FIGS. 5 and 6, instead of a combination with the X and Y directions as 
described above. 
[0035] 

Thus, the distance between the substrate 3 and the evaporation sources 7 is set 
as short as possible by the evaporation distance adjustment mechanism 6 previously. 
The evaporation sources 7 can be moved once or more times in accordance with the 
moving route setting of a control portion in advances that controls the drive of the 
evaporation source moving mechanism 8. This moving route can also be changed by 
changing the substrate 3 and the evaporation material and by controlling the distance 
between the substrate 3 and the evaporation sources 7 and the like. 
[0036] 

In addition, a movement communicating retention mechanism 9, by which the 
out of a lower section of the evaporation chamber 1 is in communication with an inner 
portion of a moving section of the evaporation source moving mechanism 8, is provided 
so that the atmospheric air is maintained in the evaporation source moving mechanism 8. 
Even when the movement is controlled, this communicating situation is kept by the 
movement communicating retention mechanism 9. Air, water, electricity and the like 
are supplied to the evaporation sources 7 by a flexible tube and the like through the 
movement communicating retention mechanism 9. 
[0037] 

For example, as shown in FIG 5 and FIG 6, a horizontal arm 8F which is 
controlled in the horizontal turning direction (in the 91 direction) in parallel with the 
substrate 3 by a drive source 8E is mounted with a horizontal arm 8H which is 
controlled in the horizontal turning direction (in the 92 direction) by a drive source 8G 
A horizontal plate 8J which is controlled in the horizontal turning direction (93) by a 
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drive source 81 is provided on the horizontal arm 8H. The evaporation sources 7 are 
provided on the horizontal plate 8J. By controlling the combined turning movement of 
the respective horizontal arms 8F, 8H and the horizontal plate 8J in the 01, 62 and 03 
directions, the evaporation sources 7 may be moved through the predetermined route all 
along the surface of the substrate 3. 
[0038] 

Moreover, in the present embodiment, a moving distance (range) of the 
evaporation sources 7 with respect to the surface direction of the substrate 3, which is 
moved by the evaporation source moving mechanism 8, is set slightly larger than the 
size of the substrate 3. 
[0039] 

Consequently, the uniformity of a thin film at the edge of the substrate 3 can be 
achieved and the amount of a material, which is wastefully scattered out of the substrate 
3, can be reduced as much as possible. 
[0040] 

A drive portion of the evaporation source moving mechanism 8 by which the 
evaporation sources 7 are moved in the predetermined direction is controlled and the 
moving speed of the evaporation sources 7 can be controlled. This speed control can 
slow down and speed up by switching an output control and an output transmission 
mechanism of each of the drive portions. 
[0041] 

Further, the evaporation sources 7 are freely attached and removed through the 
fitting structure as shown in FIG. 3 and they can be easily replaced. Also, by freely 
adjusting the fitting tilt angle by this fitting structure, the vaporization center of each 
evaporation source can be adjusted and fixed to correspond to one point over the 
substrate 3. 
[0042] 

Thus, even when the plural evaporation sources 7 are provided, since the 
evaporation center of each evaporation source 7 can be set to correspond to one point on 
the moving route of the vaporization center, the evaporation can be performed 
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efficiently to form a film having constant and uniform thickness. 
[0043] 

By providing a film thickness sensor or a monitor 5 for monitoring evaporation 
at the evaporation sources 7, the film thickness sensor or the monitor for monitoring 
evaporation is moved with the evaporation sources 7 by the evaporation sources moving 
mechanism 8, making it possible to always measure the film thickness rate or determine 
the evaporation situation. 
[0044] 

In addition, the plural evaporation sources 7 are provided at the mobility side 
of the evaporation source moving mechanism 8, and the plural evaporation sources 7 
can be easily moved together by the evaporation source moving mechanism 8 along the 
same route, and therefore, the two-dimensional evaporation or the multi-dimensional 
evaporation can be carried out favorably. 
[0045] 

In this case, since the angle of each evaporation source 7 is adjusted in the 
same manner as described above and each evaporation source 7 is fixed such that the 
vaporization center corresponds to one point over the substrate 3, highly-accurate 
two-dimensional evaporation or multi-dimensional evaporation can be further favorably 
performed. 
[0046] 

Also, the monitor 5 is provided in the evaporation sources 7 such that the 
monitor 5 is moved along with the evaporation sources 7. By providing the monitor 5 
to face one point over the substrate 3 where the vaporization center corresponds to the 
one point, the evaporation can be performed while the monitor constantly monitors the 
evaporation situation, thereby providing a further excellent evaporation device. 
[0047] 

Therefore, by providing a fitting portion 2 to which the plural evaporation 
sources 7, the sensor, the monitor 5 and the like can be arbitrarily attached for 
replacement so as to face a suitable direction, an extremely practical evaporation device 
can be obtained. 
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[0048] 

Furthermore, the present invention is not limited to this embodiment, and the 
specific structure of the composite requirement can be arbitrarily designed. 
[0049] 

[Effect of the Invention] 

As set forth above, an innovative evaporation device can be manufactured in 
accordance with the present invention, wherein, for example, an evaporation source 
moving mechanism for moving an evaporation source in the plural direction such as an 
X or Y driving mechanism, an X-9 driving mechanism and an X-Z driving mechanism 
is provided in an evaporation chamber, and even when a distance between the 
evaporation source and a substrate is shortened, a film having an uniform thickness can 
be formed by performing the evaporation while moving the evaporation source along 
the surface of the substrate, for example, in the X direction and the Y direction. In 
addition, the amount of a material that is scattered out of the substrate can be reduced, 
thereby improving the material use efficiency. 
[0050] 

In accordance with claim 2 of the present invention, the evaporation device that 
can be easily realized and is superior in practical use can be obtained. 
[0051] 

In accordance with claim 3 of the present invention, a film having extremely 
uniform thickness can be achieved by controlling the moving rate of the evaporation 
source. 
[0052] 

In according with claim 4 of the present invention, the above described 
function and effect can be further exhibited by adjusting the fitting angle of the 
evaporation source such that a vaporization center of the evaporation source 
corresponds to one point over the substrate. 
[0053] 

In according with claim 5 of the present invention, when a film thickness 
sensor or a monitor is provided in the evaporation source, the movement of the film 
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thickness sensor or the monitor can be always controlled along with the evaporation 
source by the evaporation source moving mechanism. Since the film thickness rate 
can be measured or the evaporation situation can be determined at several points, the 
uniformity in film thickness can be further realized, thereby improving the accuracy of 
movement control. 
[0054] 

In accordance with claim 6 of the present invention, plural evaporation sources 
can be easily moved together by the evaporation source moving mechanism. In this 
case, for instance, by moving a host evaporation source and a dopant evaporation source 
together, a two-dimensional evaporation or a multi-dimensional evaporation can be 
performed precisely. 
[0055] 

Further, in accordance with claim 7 of the present invention, the uniformity of 
film thickness can be realized at the edge of a substrate and the amount of a material 
that is wastefully scattered out of the substrate can be reduced as much as possible. 
[0056] 

Furthermore, in accordance with claim 8 of the present invention, a distance 
between a substrate and an evaporation source can be adjusted suitably. By shortening 
the distance between the substrate and the evaporation source as much as possible, the 
uniformity in film thickness can be further realized and the material use efficiency can 
be further improved. This results in an excellent evaporation device. 
[Brief Description of Drawings] 

[FIG 1] A front view which explains a schematic structure of the present embodiment. 
[FIG 2] A plain view which explains a schematic structure of the present embodiment. 
[FIG 3] An enlarged front view which shows a fitting portion of an evaporation source 
7 of the present embodiment. 

[FIG 4] An explanation view of the present embodiment which shows an example of a 
moving route when an evaporation is performed. 

[FIG 5] A cross-sectional view which shows an another example of an evaporation 
source moving mechanism 8 of the present embodiment. 
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[FIG 6] A plain view which shows an another example of an evaporation source 
moving mechanism 8 of the present embodiment. 

[Explanations of the Letters of numerals] 
1: evaporation chamber 
3: substrate 
4: fixed portion 
5: monitor 

6: evaporation distance mechanism 

7: evaporation source 

8: evaporation source moving mechanism 
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